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Abstract





– $SU(5)$ – (GUT)
Higgs
Higgs $M_{4}\cross Z_{N}$ pure Yang-
Mills [1] $M_{4}$ 4 Minkowski $Z_{N}$
$N$ Higgs $Z_{N}$
Yang-Mills Higgs
Weinberg-Salam $(\mathrm{W}\mathrm{S})$ ( $N=2$)
Higgs
Connes (NCG)
[2] - Higgs N Minkowski $M_{4}$
$SU(5)$ GUT — $=-$
Weiberg ($SO(10)$ GUT )
[3]
2 $SU(5)$ GUT Bosonic Sector
$M_{4}\cross Z_{3}$ $Z_{3}$ $g_{p}(p=0,1,2)$
$g_{0}+g_{0}=g\mathrm{o}$ , $g_{0}+g_{1}=g_{1}$ , $g_{0}+g_{2}=g_{2}$ ,
(1)
$g_{1}+g_{1}=g_{2}$ , $g_{1}+g_{2}=g_{0}$ , $g_{2}+g_{2}=g_{1}$ ,
1




$M_{4}\cross Z_{3}$ $(x, g_{p})$ 5 $V[5, x, g_{p}]$
Fermion $\psi(x, g_{p})$ $SU(5)$ 5










$u^{1}$ $u^{2}$ $u^{3}$ $0$ $-e^{+}$
$\backslash d^{1}$








$(D_{\mu}\psi_{5}(x))^{\iota}$ $=$ $\partial_{\mu}\psi_{5}i(x)-ig(A_{\mu}(_{X}))i\psi_{5}^{j}j(x)$ , (4)
$(D_{\mu}\psi_{10}(_{X}))ij$ $=$
$\partial_{\mu}\psi_{10}^{ii}(X)-i\frac{1}{2}g(A_{\mu}(x))i\psi^{k}k10j(_{X)i\frac{1}{2}g(A_{\mu}(X)}+)_{k}^{j}\psi^{k}1\mathit{0}(i)x$ ,
$=$ $\frac{1}{2}[\partial_{\mu}\triangle_{l}^{ij}-mi\frac{1}{2}g(A_{\mu})^{i}k\iota m+i\triangle^{kj}\frac{1}{2}g(A_{\mu})j\triangle^{k}ik\iota m]\psi^{\iota m}1\mathit{0}(X)$ , (5)
$A_{\mu}(x)$ $=$ $A_{\mu}^{a}(x)\tau_{a},$ $\mathrm{t}\mathrm{r}(T\tau)ab=\delta_{ab}/2,$ $(a=1,2, \cdots 24)$
$\triangle_{lm}^{ij}$ $=$ $\delta_{l\iota^{\delta^{i}}m}^{i}\delta_{m}^{j}-\delta^{j}=-\triangle_{ml}^{ij},$ . (6)
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$T_{a}$ $SU(5)$ $A_{\mu}(x)$
$F_{\mu\nu}(x)=\partial A_{\nu}-\partial_{\nu\mu}A-ig[\mu A_{\mu’\nu}A]$ (7)
Fermion
$\psi$ ( $x$ , go) $(x, g_{0})$ ( $x+\delta x,$ go) $\psi_{||}$ ($x+\delta x,$ go)
$\psi_{||}^{i}(_{X}+\delta X, g\mathrm{o})=H^{i}(jx+\delta X,$ $x,$ $g_{0)\psi(}jx,$ o , (8)
$H$ mapping function $H_{j}^{i}(x+\delta x, x, g0)$
$\delta x$ 1
$H_{j}^{i}(_{X}+\delta_{X}, x, g0)=(1+igA(\mu)X\delta X+\mu\ldots)_{j}^{i}$ , (9)
$A_{\mu}(x)$ $SU(5)$ Yang-Mills
$\psi(x, g_{0})arrow\tilde{\psi}(x, g_{0})=U(x, g_{0})\psi$ ( $X,$ go), (10)
Mapping function
$H(x+\delta x, x, g0)arrow\tilde{H}(x+\delta X, x, g_{\mathit{0}})=U(_{X+}\delta x, g\mathrm{o})H(X+\delta X,$
$x,$ $g_{\mathit{0}^{)U(_{X},)}}-1g0$ (11)
$U(x, g_{0})$ \theta a(x, go)
$U(x, go)=\exp\{i\theta a(X, g_{0})\tau_{a}\}$ (12)
$\delta x$
$A_{\mu}$
$A_{\mu}(x) arrow\tilde{A}_{\mu}(x)=U(x, g0)A\mu(X)U^{-1}(x, g\mathrm{o})-i\frac{1}{g}\partial U(\mu gx,\mathit{0})U^{-}1$ ( $x,$ go) (13)
$H$ ($x+\delta x,$ $x$ , go)
( )A\mu $F_{\mu\nu}$ $\psi$ ( $x,$ go) $x$
$x+\delta_{1}x+\delta_{2}x$ 2 2 $C_{1}$ $C_{2}$
Z3
3 $C_{3},$ $C_{4}$ \psi (x, $g_{0}$ ) $(x+\delta x, g_{1})$
$F_{\mu g_{1}}$ ($x$ , go) $C_{3}$
$\psi$ ($x$ , go) ( $x$ , go) $(x, g_{1})$ $i,$ $j$
$\text{ ^{ } ^{ }}\psi^{i}||$$(jx, g_{1})$ . . $\cdot$ .
$\psi_{||}^{ij}(_{X}, g_{1})=H^{i}j(\iota X, g1, g0)\psi\iota$ ( $x$ , go), (14)
Mapping function $H^{ij}(lx,$ $g_{1},$ $g_{0}\mathrm{I}$ 5 Higgs





2: $F_{\mu\nu}$ 2 $C_{1},$ $C_{2}$
3: $C_{3},$ $C_{4}$ $F_{\mu g\text{ }}$ .
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$H(x, g_{1}, go)= \frac{1}{2}[H(X)\otimes 1-1\otimes H(x)]$ . (16)
($x,$ go) $(x, g_{1})$ $H$
$H(x, g1, g_{0})arrow\tilde{H}(x, g_{1}, go)=U(x, g_{1})\otimes U(x, g_{1})H(X, g1, g_{\mathit{0}})U-1(_{X}, g0)$ . (17)
(11) $H$ ($x,$ $g_{1},$ go) $g_{0^{-}}g_{1}$
$H$ unitary ( [3] Appendix
$\circ$ ) $M_{4}\cross\{g_{0}\}$ $H^{k}l.\text{ }M_{4}\cross\{g_{1}\}$
$H^{ij}(_{X}kmg+\delta X, X,1)$ $=$ $\frac{1}{2}[\triangle_{km}^{ij}+i\frac{1}{2}g((A_{\mu}(x))_{l}i\triangle_{km}^{l}j-(A(X))j\triangle^{\iota i})lkm\delta\mu x]\mu$
$=$ $H^{ij}(_{X+}kmg\delta_{X}, X,2)$ . (18)
$(x+\delta x, g_{1})$ $C_{3}$ , C4
$\psi_{c_{\mathrm{s}}}^{i}j$ $=$ $H^{ij}(k+\delta x, g_{1}, gx0^{\cdot})\dot{H}^{k}(\iota+\delta XX, x, g_{0})\psi^{\iota}(_{X}, g0)$ , (19)
$\psi_{C_{4}}^{ij}$ $=$ Hj (i $\delta_{X}$km’ $g1$ )$Hkm_{l}(x, g1, g\mathrm{o})\psi^{\iota}x,$ ( $x,$ go), (20)
$(x+\delta x, g_{1})$ 2
$\psi_{c^{j}}^{ii}\mathrm{s}-\psi_{c}j4=(F_{\mu g1}(x, g_{0}))ij\delta x\psi^{l}\mu$ ($lX$, go), (21)
$(F_{\mu g_{1}}(x, g0))^{ij}l$ $=$ $\frac{1}{2}[\partial_{\mu}H^{ij}\delta_{\iota}-\frac{1}{2}ig((A)^{i}kH^{k}\delta_{\iota}j-\mu Hi(A)_{\iota}^{j}\mu)-(irightarrow j)]$
$=$ $\frac{1}{2}[(D_{\mu}H)^{i}j\iota-(irightarrow j)]$
$\equiv$ $(D_{\mu}H)^{[ij]}l$ . (22)
Yang-Mills Higgs $H_{5}$
$(x, g_{1})$ $(x+\delta x, g_{0})\text{ }$ ($x$ , go) $(x+\delta x, g_{2})_{\text{ }}(x, g_{2})$ $(x+\delta x, g_{0})\sim$
$(F_{\mu g_{0}}(X, g_{1}))^{ij}\iota$ $=$ $(D_{\mu}H\dagger)^{[i}j]l$
’ (23)
$(F_{\mu g2}(X, g_{\mathit{0}))^{i}}j\iota = (D_{\mu}H)^{[}ij\iota_{l}$, (24)
$(F_{\mu g_{0}}(x, g_{2}))^{ij}l$ $=$ $(D_{\mu}H\dagger)[ij]l$ (25)
4 $F_{\mu g_{2}}$ $(x, g_{1})$
$\text{ _{}\mathrm{K}\mathrm{s}\psi(x}ij,$ )$g1$ $(x, g_{1})$ (X, $g_{2}$ ) mapping function traceless
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4: $C_{5}$ and $C_{6}$ $F_{\mu g_{2}}(x, g1)$
24 Higgs \mbox{\boldmath $\phi$}24
$\psi_{||}^{ij}(x, g_{2})=H^{ij}(klx, g2, g1)\psi^{k\iota}(_{X}, g_{1})$ , (26)
$H^{ij}kl(_{X}, g2, g1)= \frac{1}{4}[\phi_{m}^{i}(X)\triangle_{kl}mj-\psi\uparrow(_{X)}m\triangle_{k}^{m}\iota^{i}]$ (27)
$\phi_{k}^{i}\equiv(\phi_{24})_{k}^{i}$ $\mathrm{t}\mathrm{r}\phi_{24}=0$
$\psi^{ij}(x, g_{1})$ $(x, g_{1})$ $(x+\delta x, g_{2})$
4 $C_{5}$ $C_{6}$
$\psi^{i}c_{5}^{j}$ $=$
$H^{ii_{mn}}(_{X+\delta_{X}}, g_{2}, g1)Hmn_{k}\iota(_{X}+\delta_{X}, x, g1)\psi^{k}l(_{X}, g_{1})$ (28)
$\psi^{i}c_{6}^{j}$ $=$ $H^{ij}(_{X+}mnx\delta x,, g2)H^{mn}kl(x, g2, g_{1})\psi^{k\iota}(_{X}, g_{1})$ (29)
$F_{\mu g_{2}}(x, g_{1})$
$\psi_{c_{5^{-}}}^{i}i\psi_{c_{6}}ji=(F_{\mu g_{2}}(_{X}, g_{1}))ijk\iota^{\delta}X^{\mu}\psi kl(X, g_{1})$ , (30)
$(F_{\mu g_{2}}(X, g_{1}))^{ij}kl$ $=$ $\frac{1}{4}[(\partial_{\mu}\phi-ig[A\phi\mu’])i\triangle_{k}m_{l}j-m(\partial_{\mu}\phi-ig[A\phi\mu’])^{i}m\triangle m]k\iota^{i}$
$\equiv$ $(D_{\mu}\phi)^{[}ij][k\iota]$
$=$ $(F_{\mu g_{1}}(_{X}, g_{2}))^{ij}k\iota$ . (31)
$Z_{3}$ mapping function unitary
5(a) \psi ij(x, $g_{1}$ ) $C_{7}$
(X, $g_{1}$ ) $\psi_{c_{7}^{j}}^{i}(x, g_{1})$ $\psi^{ij}(x, g_{1})$
$\psi_{c_{7}}^{ij}(x, g_{1})-\psi ij(x, g_{1})$
$=$









6: 3 (a), (b), (c)
$H$ $\triangle$
$(F_{(1)})ijk\iota$ $=$ $\frac{1}{4}(\phi_{m}^{i}\delta_{n}^{j}-\dot{\psi}_{m}\delta_{n}i)(\phi_{kl}^{m_{\delta^{n}}}-\phi k\delta_{\iota}nm)-\frac{1}{2}\triangle^{ij}kl$
$=$ $\frac{1}{4}(\phi_{m}^{i}\phi km_{\delta-}j\uparrow\phi km\delta i\phi lj\phi i-l+k\phi_{\iota}im\phi_{k}^{j})-\frac{1}{2}\triangle ikjl$ (33)
5 (b), (C)
$(F_{(2)})^{ij}$ $=$ $\frac{1}{2}.[(H\dagger H-2)\delta ij-H^{\uparrow j}iH]$ , (34)
$(F_{(3)})ijk\iota$ $=$ $\frac{1}{2}(H^{i}H_{k\iota}^{\dagger_{\delta-}}jH^{j}H^{\dagger_{\delta-\triangle^{ij}}}i)klkl$ . (35)
6 3 3
$(F_{(4)})ijk\iota$ $=$ $\frac{1}{2}(H^{i}H_{k}^{\dagger_{\delta_{\iota}-}}jHjH_{k}^{\dagger_{\delta_{\iota}^{i}}i}-\phi_{k}\delta_{l}j+\phi^{ji}k\iota\delta)$ , (36)
$(F_{(5)})^{ij}m$ $=$ $\frac{1}{4}(\phi_{k}^{i}\delta_{l}^{jj}-\phi_{k}\delta_{\iota}i)(H^{k}\delta_{m}^{l}-H^{\iota_{\delta_{m}^{k})}}-\frac{1}{2}(H^{i}\delta_{m}^{j}-H^{j}\delta_{m}^{i}),$ (37)
$(F_{(6)})_{k\iota}^{j}$ $=$ $\frac{1}{4}(H_{i}^{\dagger}\phi_{kl}^{ij}\delta-H^{\dagger}\phi^{ij}ilk+H.k\phi_{l}|j-H\uparrow\phi\iota k^{-2H}k+2H\delta)\delta j\dagger\delta_{\iota\iota^{\dagger j}}^{j}k$ (38)
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bosonic sector Lagrangian mapping
function Lagrangian Yang-Mills action
$\mathcal{L}_{B}$ $=$ $- \frac{1}{2}\mathrm{t}\mathrm{r}(F_{\mu\nu}^{\uparrow}F\mu\nu)+A\mathrm{t}\mathrm{r}(F_{\mu g_{2}}^{\uparrow}(g1)F^{\mu \mathit{9}2}(g_{1}))$
$+B\mathrm{t}\mathrm{r}(F_{\mu g1}^{\uparrow}(g\mathrm{o})F^{\mu}\mathit{9}1(g_{\mathit{0})})-V(\phi, H)$
$=$ $- \frac{1}{2}\mathrm{t}\mathrm{r}(F_{\mu\nu}\dagger F\mu\nu)+A(D^{\mu}\phi)^{\dagger}[kl[ij]](D_{\mu}\phi)[ij][kl]$
$+B(D^{\mu}H)^{\dagger^{\iota}}[ij](DH)\mu l-V([ij]\phi, H)$ . (39)
$V(\phi, H)$ $=$ a $\mathrm{t}\mathrm{r}(F_{()}^{\dagger_{1}}F(1))+b\mathrm{t}\mathrm{r}(F_{()(2)}^{\uparrow)}2F+c\mathrm{t}\mathrm{r}(F_{(4)}^{\uparrow)}F(4)+d\mathrm{t}\mathrm{r}(F^{\dagger}F(5(5)))$
$=$ $a[(\mathrm{t}\mathrm{r}\phi 2)^{2}-\mathrm{t}\mathrm{r}\phi 4-8\mathrm{t}\mathrm{r}\phi^{2}]+b(H^{\uparrow}H-2)2$
$+C[3\mathrm{t}\mathrm{r}\phi^{2}-6H\uparrow\phi H+4(H^{\dagger}H)^{2}]$
$+d[H^{\uparrow_{\phi}\phi H}+\mathrm{t}\mathrm{r}\phi^{2}(H\dagger H)-12H^{\uparrow_{\phi}H}+16H\dagger H]$ . (40)
Higgs $A$ and $B$
$\mathrm{t}\mathrm{r}(F_{(i)}^{\uparrow)}F(i)(i=1,2,4,5)$ $|\phi|$ $|H|$
$a,$ $b,$ $c,$ $d$ ( $\mathcal{L}_{B}$ $V(\phi, H)$ Higgs
1 2
$\mathrm{t}\mathrm{r}(F_{(2)(}^{\uparrow)}F2)$ $=$ $\mathrm{t}\mathrm{r}(F_{(3)}^{\uparrow)}F(3)$
$\mathrm{t}\mathrm{r}(F_{(5)}\uparrow F)(5)$ $=$ $\mathrm{t}\mathrm{r}(F_{(6)}^{\uparrow)}F(6)$
$V(\phi, H)$ Higgs Yang-Mills
$\psi$ ($x$ , go) $g_{0}arrow g_{1}arrow g_{2}arrow g_{0}$ ( cyclic permutations)
$\psi$ ( $x$ , go) $H^{\uparrow}\phi H$ Yang-Mills
1 Lagrangian $eH^{\uparrow}\phi H$
$e$ Higgs




$V_{c}(\phi, H)$ $=$ $- \frac{1}{2}\mu^{2}\mathrm{t}\mathrm{r}\phi 2+\frac{1}{4}a(\mathrm{t}\mathrm{r}\phi^{2})^{2}+\frac{1}{4}b\mathrm{t}\mathrm{r}\phi 4-\frac{1}{2}v^{2}H^{\uparrow}H$
$+ \frac{1}{4}\wedge(H\dagger_{H)^{2}+}\alpha \mathrm{t}\mathrm{r}\phi^{2}(H^{\uparrow_{H})}+\beta H^{\uparrow}\phi^{2}H$ (42)
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$V_{c}$ 7 $V_{f}$ 6 tree
$H^{\uparrow}\phi H$
$a$ $b$ $c$ $d$
3 $SU(5)$ GUT Fermionic Sector
$M_{4}$ $\#\ddagger$ Dirac Lagrangian $i\overline{\psi}\gamma^{\mu}D_{\mu}\psi$ $D_{\mu}=\partial_{\mu}-igA_{\mu}(x)$
$M_{4}\cross Z_{3}$
$\mathcal{L}_{F}=\sum_{p=0}^{2}i\overline{\psi}(x, gp)[\gamma^{\mu_{\mathcal{T}}}o^{D_{\mu}}(p)+\kappa\gamma 5(\tau_{1}D_{1}+\mathcal{T}_{22}D\backslash )]\psi(X, gp)$ (43)
$\kappa$
$\tau_{1},$ $\tau_{2}$ Pauli $2\cross 2$
$\psi(x, go)=$ , $\psi(x, g_{1})=\psi(_{X}, g_{2})=$ (44)
$D_{\mu}\psi(x, g_{p})$ (4), (5) $D_{1}$ $D_{2}$ $Z_{3}$
$D_{1}\psi(p)$ $=$ $-H(p,p+1)\psi(p+1)$ , (45)
$D_{2}\psi(p)$ $=$ $-H(p,p+2)\psi(p+2)$ (46)
2 $\psi(p)=\psi(x, g_{p})$ $H(p,p+i)$ \psi (p+i) $g_{p+i}$ $g_{p}$ ]
mapping function
(45), (46) $i\overline{\psi}(p)\gamma_{5^{\mathcal{T}_{1}}}$ $i\overline{\psi}(p)\gamma_{5}\tau_{2}$
$i\overline{\psi}(0)\gamma_{5^{\mathcal{T}}1}D_{1}\psi(\mathrm{o})$ $=$ $-i \overline{\psi}(\mathrm{o})\gamma_{5^{\mathcal{T}H}}1(0,1)\psi(1)=-\frac{i}{\sqrt{2}}\overline{\psi}_{5}\gamma_{5}H(0,1)\psi 10$ ,
$i\overline{\psi}(1)\gamma 5\tau_{1}D1\psi(1)$ $=$ $-i\overline{\psi}(1)\gamma_{5^{\mathcal{T}H}}1(1,2)\psi(2)=0$,
$i\overline{\psi}(2)\gamma 5\tau 1D1\psi(2)$ $=$ $-i \overline{\psi}(2)\gamma_{5}\mathcal{T}1H(2,0)\psi(\mathrm{o}.)=-\frac{i}{\sqrt{2}}\overline{\psi}_{1\mathit{0}\gamma H}5(2,0)\psi 5$ (47)
$i\overline{\psi}(\mathrm{o})\gamma_{5^{\mathcal{T}_{2}D}}2\psi(\mathrm{o})$ $=$ $-i \overline{\psi}(0)\gamma 5^{\mathcal{T}}2H(0,2)\psi(2)=\frac{1}{\sqrt{2}}\overline{\psi}5\gamma_{5}H(0,2)\psi 10$ ,
$i\overline{\psi}(1)\gamma 5\mathcal{T}2D2\psi(1)$ $–$ $-i \overline{\psi}(1)\gamma_{5}\tau 2H(1, \mathrm{o})\psi(\mathrm{o})=-\frac{1}{\sqrt{2}}\overline{\psi}_{1}0\gamma_{5}H(1,0)\psi_{5}$ ,
$i\overline{\psi}(2)\gamma 5\tau 2D2\psi(2)$ $=$ $-i\overline{\psi}(2)\gamma_{5^{\mathcal{T}H}}2(2,1)\psi(1)=0$.
$\cdot$
(48)
$2-\vee\chi_{\iota\ovalbox{\tt\small REJECT} \mathrm{J}}\text{ }*t\mathrm{s};\mathfrak{y}\mathscr{H}\ovalbox{\tt\small REJECT}_{\mathrm{s}=\ovalbox{\tt\small REJECT} l-}Rarrow kf\mathrm{y}\epsilon\#_{\backslash }\ovalbox{\tt\small REJECT} ffl\mathrm{a}\xi \mathrm{j}\mathrm{f}\mathrm{f}\mathrm{l}\vee\backslash 6\mathrm{R}\mp\theta\}\backslash -\backslash \sqrt\ovalbox{\tt\small REJECT}\backslash \backslash ^{\backslash }\ovalbox{\tt\small REJECT} l_{\mathrm{c}}^{\prime r\mathrm{b}}\mathit{1}\mathcal{D}f\Leftrightarrow_{\circ}\ovalbox{\tt\small REJECT} \mathrm{x}_{[3}]$
$(\mathrm{O}\not\in\ovalbox{\tt\small REJECT} D_{1}\psi(p)=$
$\psi(p)-H(p,p+1)\psi(p+1),D_{2}\psi(p)=\psi(p)-H(p,p+2)\psi(p+2)\epsilon \mathrm{H}\mathrm{t}\backslash _{\mathrm{T}}\mathrm{b}\mathrm{f}\mathrm{f}\mathrm{Q}\ovalbox{\tt\small REJECT} t\mathrm{x}\mathscr{F}k\supset \mathfrak{s}tx\mathrm{v}\rangle 0$
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Yukawa
$Y$ $\equiv$ $\sum_{p=0}^{2}i\overline{\psi}(p)\gamma_{5}(\mathcal{T}1D1+\tau 2D2)\psi(p)$
$=$ $- \frac{i}{\sqrt{2}}\overline{\psi}_{1}0\gamma 5[H(2,0)-iH(1,0)]\psi_{5}-\frac{i}{\sqrt{2}}\overline{\psi}_{5}\gamma_{5}[H(0,1)+iH(0,2)]\psi 10$
(49)
$H(1,0)=H(2,0)=H_{5}(x)$ , $H(\mathrm{o}, 1)=H(\mathrm{o}, 2)=H_{5}^{\mathrm{f}}(x)$ (50)
$Y=-i \overline{\psi}_{1\mathit{0}}\gamma 5\frac{1-i}{\sqrt{2}}H5\psi_{5^{-}}i\overline{\psi}5\gamma 5\frac{1+i}{\sqrt{2}}H^{\dagger}5\psi 10$ , (51)
$i\gamma_{5}(1\pm i)/\sqrt{2}$
$i\gamma_{5}=ei\pi\gamma_{5/2}$ , $\frac{1\pm i}{\sqrt{2}}=e^{\pm i\pi/4}$ (52)
$\psi$ $H_{5}$
$e^{i\pi\gamma_{5}/4}\psi_{5}arrow\psi_{5}$ , $e^{i\pi\gamma_{5}/4}\psi_{10}arrow\psi_{10}$ (53)
$e^{-i\pi/4}H_{5}arrow H_{5}$ , $e^{i\pi/4}H_{5}\uparrowarrow H_{5}^{\uparrow}$ (54)
Lagrangian Fermionic sector
$\mathcal{L}_{F}=i\overline{\psi}_{5}\gamma^{\mu}D_{\mu}\psi 5+i\overline{\psi}_{1}0\gamma\mu D\psi_{10}\mu-\hslash(\overline{\psi}_{10^{H_{5}}}\psi_{5}+\overline{\psi}5H_{5}^{\dagger}\psi 10)$ (55)
$\kappa$ Yukawa
4





Higgs $V_{f}(\phi, H)$ $H^{\uparrow}\phi H$
$V_{c}(\phi, H)$
$\mathrm{t}\mathrm{r}\phi^{3}$ \mbox{\boldmath $\phi$}\rightarrow $-\phi$
$e=6(c+2d)$ 3
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